Background: Anthropological activities could lead to various land use changes. This subsequently exerts impacts on the Ecological status as the land is the carrier of Ecosystems and their services. Ecosystem Services Values (ESVs) are monetary assessment of ecosystems services. The choice of ecosystem services valuation methods highly depends on the type and conditions of the ecological environment. Results: In this paper, Zhifangou watershed, a watershed with fragile environments in Loess Plateau, is analyzed in terms of the historical changes of land uses and their impact on Ecosystem Services Values (ESVs). The analysis presents that the watershed had seen a large cover of forest (689.8 hectare) and grassland (97.08 hectare) until 1938, which were substituted with a cropland of 663.56 hectare in the following years, and then a gradual recovery of natural land from 1978. During these years, the human activities have ranged from little disruption, to excessive cultivation, and finally to an integrated management of the watershed. The ESVs were highest at $121.77 × 10 4 in 1938, lowest at $43.75 × 10 4 in 1958, and then rebounded to $113.44 × 10 4 in 1999.
Background
The unprecedented population growth and urbanization over the past century has changed the face of the planet as a result of many land use changes. On the other hand, the land supplies mass and energy, which are the main drivers of economic development (Darwin et al. 1996) as well as various Ecosystem Services (ES). The latter are defined as the conditions and processes through which natural ecosystems and the species that comprise them, sustain and fulfill human well-being (Daily 1997) . Some examples of such services provided by land cover are biodiversity, water filtration, retention of soil, and air purification, just to name a few (Nasiri and Huang 2007) . As such, there exists a close correlation between land uses and the state of ecological environment (Styers et al. 2010 ). An inappropriate land allocation and use may lead to significant degradation of local and regional ecological services (Collin and Melloul 2001) .
Ecosystem Services Values (ESVs) are monetary assessment of ES. Costanza et al. (1997) were first to propose a list of ecosystem valuation coefficients, estimating monetary values of 17 ecosystem services generated by 16 different biomes. Although the study has faced criticisms about double counting and/or underestimating or overestimating the listed values (Fu et al. 2011) , it paved the path to the science of ES valuation. Turner et al. (1998) have proposed a refined set of coefficients. On that basis, Xie et al. (2003) developed a similar set of coefficients for valuation of ecosystem services in China by increasing the weight of ecosystem services related to agriculture and decreasing that of wetlands.
As the choice of ecosystem services valuation methods highly depends on the type and conditions of the ecological environment, most of the ESV methods suggested in the literature are case-specific. Kreuter et al. (2001) estimated ESVs for urban sprawl in the San Antonia area in Texas. Martínez et al. (2009) assessed the impacts of land use changes on the ES provision in tropical montage cloud forests. Li et al. (2010) investigated ES changes in response to land use changes caused mainly by climatic changes on the Zoige Plateau of Tibetan Plateau in China. Zhang et al. (2011) conducted a comparative study of ESVs based on land use changes in HaDaQi industrial corridor, in Heilongjiang Province of China.
Building on previous research by Xie et al. (2003) and Zhang et al. (2011) on the ESVs, in this paper we propose an ESV analysis of Zhifanggou watershed on the basis of historical data on land use changes. We have based our calculations on Xie et al. (2003) and Zhang et al. (2011) studies as they adjusted the ESV coefficients such that to be specific to China's ecosystems. The ESVs analysis of this area is of particular importance as it historically witnessed a period of destruction followed by a recovery as a result of employing an integrated watershed management framework. We analyze the changes in land-use and the associated ESVs, demonstrating the relationships between ecosystem changes and anthropological activities. The results may also provide insights about the impact of integrated watershed management programs, emphasizing the importance of ecosystem services conservation.
Study area
Zhifanggou watershed (109°13´46´´~109°13´45´´E, 36°424 2´´~36°46´28´´N) is located in An'sai county of Shaanxi province in China. It is part of a hilly and gully region of Loess Plateau (Zhang et al. 2008) . The size of the area, as shown in Figure 1 , is estimated as 8.39 km 2 . The region is mainly affected by a semi-arid climate with an average annual rainfall of 541.2 mm. Rainfall mainly occurs from July to September and heavy storm often leads to serious soil erosion in rainy seasons (Jiang and Zheng 2004) .
Prior to 1938, the ecosystem of Zhifanggou watershed was seldom disturbed by human activities. However, from the 1938 to 1960s local vegetation was destroyed heavily and soil erosion was intensified quickly due to population expansion and cultivation of large areas of slope land. Consequently, this was led to a fast deterioration of ecological environment (Wen et al. 2006) . From 1973, an integrative watershed management program was started. This program was initiated to plan and manage mountains, rivers, fields and forests in the watershed under a unified framework. The main objectives were to control the soil erosion on different slopes, to aim for the recovery of the grassland, to protect the forest areas, and to promote the use of improved seeds and water-saving measures in farming. Zhifanggou watershed was selected as an experimental site for key research and development programs on integrative management of Loess Plateau (Li 1995) . After 20 years of integrative watershed management, the area of the watershed that is free from soil erosion is up to 12.21 km 2 , which is 81.4% of the whole area. As a result, the ecosystem of the watershed was gradually recovered to its previous natural state, benefiting from returning forest and grassland areas (Han et al. 2009 ).
The historical land use datasets of Zhifanggou watershed is divided through five milestone years of 1938, 1958, 1978, 1987 and 1999, indicating and capturing the ecological changes. The datasets used in this study were provided by the Key Laboratory for Water and Sediment Sciences in Peking University in China. Data from 1958 Data from , 1978 Data from and 1987 were acquired by aerial photograph interpretation aided by ground survey and existing land use maps. Data for 1999 were obtained through monitoring, while those of 1938 were based on records of interview and surveys.
We have reclassified the above datasets into seven categories of cropland, woodland, orchard land, grassland, water body, build up and barren lands (see Table 1 ). Data for woodland and orchard were combined as forest category. Land use maps of (1:5000) were calibrated and coded in ARCMAP 9.2 (ESRI 2013) for the subsequent spatial analysis and ecosystem services valuations.
Methods Xie et al. (2003) extracted the coefficients of ecosystem services per hectare of terrestrial ecosystems in China. Adopting this model, we had to make the following minor adjustments to have it customized for Zhifanggou watershed as presented in Table 2 :
(1) Due to the resolution of land use datasets, classifying the land types of wetland and water is of difficulty. In this sense, this two land types are considered as one type in this study, assigning with the mean coefficients of wetland and water. This way of dealing with multiple categories of water bodies has been advocated by Zhang et al. (2011) . (2) As 1990s data is regarded as a baseline for analysis in China's statistics, the average market price of agricultural produce per hectare was calculated using the 1990s data for major crops, including rice, wheat, corns and soybeans according to National Bureau of Statistic of China (NBSC 1996 (NBSC -1999 .
The value of food production services of agricultural produce per hectare was computed, according to Xie et al. (2003) , as one-seventh of the market price of agricultural produce. The estimated monetary value of agricultural produce per hectare was estimated as $528.08 (i.e. an equivalent of RMB Yuan 2525.92 according to the average exchange rate at the end of 1990s). Consequently, the value of the food production service provided by agricultural lands per hectare was estimated as $75.44 (i.e. an equivalent of RMB Yuan 528.08). Finally, the value coefficients of ecosystem services were calculated by multiplying the food production values by their service to production ratios (see Table 3 ), as follows:
where, Having the ecosystem service value of one unit area for each category of land use extracted, the service value for each category of land use and the service value of each function are obtained from Equations. (2) and (3):
where ESV k : Ecosystem service value of land use category "k". ESV f : Value of ecosystem service function type "f". ESV : Total ecosystem service value of the watershed A k : Area (hectare) of land use category "k".
Since the biomes we used as proxies for land use categories were not perfect matches, and as a result of the uncertainties about the correspondence of proxies for land use types and the accuracy of Xie's value coefficients embedded in the estimation, we have conducted a sensitivity analysis to determine the impact of variations in the value of coefficients on ESVs estimations. For each ESV analysis, we then calculate a coefficient of sensitivity (CS) using the following formula that resembles the standard concept of elasticity in economics (Kreuter et al. 2001 ): 
where i and j represent the initial and adjusted values, respectively. If CS kf > 1, then the estimated ecosystem value is elastic (i.e. highly sensitive) with respect to changes in value of VC kf coefficient, but if CS kf < 1, then the estimated ecosystem value is inelastic (i.e. not sensitive) with respect to changes in value of VC kf coefficient.
Results

Changes of land use
The data on historical land use changes (as shown in Figure 2 ) are summarized in Table 4 . In 1938, the watershed was comprised of a large area of forest (689.8 hectare), an area of grassland (97.08 hectare) and a small area of cropland (52.19 hectare). However, this condition was interrupted in 1958, with increased farming activities, causing the area of forest to drop to 1.09 hectare. The cropland and grassland areas have increased to 663.56 hectare and 136.69 hectare, respectively. Meanwhile, the area of build up, water body and unused land had also increased to 1.51, 3.32 and 32.89 hectare, respectively. Then in 1978, as a result of introducing an integrated watershed management program, the area of forest and grassland increased to 16.98 hectare and 615.32hectare, respectively, and with decline of cropland area to 170 hectare. Until 1987, the area of forest soared to 562.11 hectare due to further transformations. Finally in 1999, the watershed was covered with a forest area of 618.1 hectare, returning to its status in 1938. Since then, the watershed consists of 93.15 hectare of cropland, 121.85 hectare of grassland and 5.97 hectare of build up (without any land use categories of water body and unused land).
A comparative analysis of the land uses over the years indicates that each land use type went through dramatic changes in four periods of 1938-1958, 1958-1978, 1978-1987 and 1987-1999 . The area of forest decreased by 4.99% annually from 1938 to 1958, and increased by 72.89%, 356.71% and 0.83% annually in the next three periods. Contrastively, the area of cropland increased by 58.57% in the first period, and constantly decreased by 74.38%, 14.59% and 2.99% annually in the later periods. In case of grassland, the most significant decrease took place between 1978 and 1987 (84.27% annually) , when the forest area became mature again. As for build up land uses, there has been a constant increase in all periods, with a dramatic increase of 11.81% annually in the last period. This was subject to a fast growth of urbanization during this period. The water bodies and barren lands could only be seen between 1958 and 1987.
Changes of ESVs
ESVs for each land category and the overall ESVs were obtained, according to Equations 2 and 4, for each period as reported in From Table 5 , among various types of land, forest produced the largest ESVs due to its highest ecosystem services coefficients and large areas. Among other types of land use, the grassland provided the watershed with higher ESVs. Contrastively, the cropland supplied the lowest ESVs, except the period beginning in 1958 when it was associated with a large area. Although, the water body could provide high ESVs in theory, but this was insignificant in Zhifanggou watershed with small water body areas. The sum of ecosystem service values provided by forest, grassland and cropland accounted for over 90% of the total value, indicating their main role in ecosystem service provision in Zhifanggou watershed.
According to Equation 3, the ecosystem service values provided by individual ecosystem functions were also estimated (see Table 6 ). The ranking for all the functions were based on its contributions to the total ESVS. The impact of each ecosystem function on total value of the ecosystem services was represented by an upward arrow "↑" for increasing (or reinforcing) impacts, downward arrow "↓" for decreasing (or balancing) impacts, and a dash "−" for no or negligible impacts. The overall ranking for the studied periods were estimated based on the average impact of individual ESVs on total ESVs. These impacts, from high to low, are: soil formation and retention, biodiversity protection, climate regulation, gas regulation, water supply, climate regulation, waste treatment, raw material, recreation and culture, and food. The share of soil formation and retention service was the highest (about 20%), followed by biodiversity protection, gas regulation and climate regulation (each around 14%), all of which are major ecosystem functions mainly derived from the forest areas.
Discussion
Using Equation 5, we conduct a sensitivity analysis with an extreme 50% adjustment in the value of the ecosystem services coefficients. The results, as reported in Table 7 , indicate that CS values in all studied periods were below 1, which means that the estimated overall ecosystem value (ESV) was considered to be inelastic (low sensitive) to the change in coefficient values. We can conclude that the ESV calculations are consistent and reliable with a minimum impact from variations in estimation of VC values caused by occasional data inaccuracies. The highest CS scores belong to forest in 1938, 1987 and 1999, cropland in 1958, and grassland in 1978 (i.e . the land uses with large areas and big value coefficients). 1938, 1958, 1978, 1987 and 1999 data. The historical changes in ecosystem services values of Zhifanggou watershed were triggered by several factors described as follows:
Population: There were only 94 local residents in Zhifanggou watershed in 1938. This number increased to 221 in 1958 as a result of advances in nationwide medical care and increase in farming activities. From 1970s, the policy of birth control began to implement, and the growth of local population was slowed to 476 people in 1990, with a balancing impact on build up land use. Land Policy: Prior to 1978, there was no local ownership of the croplands. This was a major factor in low productivity of croplands as there was little motivation for locals to cultivate efficiently. In 1978, when the third Plenary Session of the Eleventh Central Committee in China took place, a directive for local management of croplands was proposed. This came into effect in 1985, triggering an increase in productivity of croplands and reducing the need to more land-uses of this type. Technological Change: Technological developments in farming also contributed to improvements in croplands productivity. Before 1970s, farming was mainly carried out using low-tech methods, leading to unproductive practices and overexploitation and deterioration of soil. From 1970s, there were technological advances such as new cultivation approaches for intercropping, mulching technologies, and efficient pest control methods, all of which contributed to high productivity of croplands. Water and Soil Conservation: In Zhifanggou watershed, notorious conditions such as little vegetations, loose soil and heavy rain impose pressure on local environmental protection. From 1977, locals began to cultivate on slope lands, modifying them to terraces and paying higher attention to soil conservation. In addition, Zhifanggou watershed was chosen as a test zone for water and soil conservation projects in late 1980s, when the local government began to implement integrated water, land and economic development plans in the region, increasing the ecosystem services value of the watershed.
Conclusions
We have customized the ecosystem services valuation approach developed by Costanza et al. (1997) according to Xie et al. (2003) to account for specific characteristics of ecosystems in China. In addition, to address the overestimation or underestimation of service values in Xie et al. (2003) approach (as shown by Fu et al. (2011) , we have revised some of the coefficient. A sensitivity analysis was also employed to test of the impact of variations in coefficients on estimation of ecosystem services values. The analysis revealed that the estimation of ecosystem service coefficients was robust despite the imposed fluctuations.
We have used the land use as a proxy measure of ecosystem services. It should be mentioned that the accuracy of satellites images could significantly influence the accuracy of the results, generating more detailed data, such as information on individual trees or hidden water bodies. Moreover, the biomes and land categories are not always matched. For example, the woodland and orchard uses were jointly considered as forest in this study.
In Zhifanggou watershed, with little human activities until 1938, the watershed was then covered with large areas of forest (689.8 hectare) and grassland (97.08 hectare). During 1938 During -1958 , the growth of population mixed with cropland expansion led to a dramatic decline of forest and grassland at a rate of 2.04% each year. The subsequent decline of ecosystem services values was finally recognized by the local government, and an integrative watershed management program was introduced. With the support of government policies, the area of forest and grassland recovered at a rate of 168.58% per year 
